J) 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 



© Publication number: 



0 471 365 A1 



in 

CO 
CO 



© EUROPEAN PATENT APPLICATION 

© Application number: 91113673.7 © Int. CI. 5 : C23C 16/44 

@ Date of filing: 14.08.91 



® Priority: 16.08.90 US 568008 

@ Date of publication of application: 
19.02.92 Bulletin 92/08 

® Designated Contracting States: 
OE GB 



© Applicant: APPLIED MATERIALS, INC. 
3050 Bowers Avenue 
Santa Clara California 95054(US) 

© Inventor: Bowman, Russell 
125 Aveneda Espana 
San Jose, CA 95139(US) 
Inventor: Anderson, Roger N. 
1824 Nestorita Way 
San Jose, CA 95124(US) 

© Representative: DIEHL GLAESER HILTL & 
PARTNER 

Patentanwalte FlUggenstrasse 13 
W-8000 MUnchen 19(DE) 



© Semiconductor wafer processing apparatus. 

® An apparatus for processing semiconductor wa- 
fers (16) for "the* construction of integrated circuit 
structures thereon wherein a semiconductor wafer is 
supported on the upper surface of a uniformly heat- 
ed susceptor (90) is provided. The apparatus com- 
prises a chamber, a circular susceptor (90) in the 
chamber for supporting a semiconductor wafer 
thereon, heating means (120) beneath the susceptor, 
and support means (70) for peripherally supporting 
the susceptor (90) in the chamber comprising 3-6 
spokes which are each connected at one end to a 
central hub (80) which is coaxial with the axis of the 
circular susceptor (90), but spaced therefrom to per- 
mit even thermal distribution across the susceptor, 
and opposite ends of the spokes (80) peripherally 
supporting the susceptor adjacent the end edges 
thereof, to permit uniform heating of the susceptor 
by the heating means and uniform thermal distrib- 
tuion of the heat through the susceptor. 




FIG. 8 



Rank Xerox (UK) Business Services 



EP 0 471 365 A1 



This invention relates to an apparatus for pro- 
cessing semiconductor wafers and a susceptor to 
be used in such an apparatus. 

In the course of the forming of integrated cir- 
cuit structures on semiconductor wafers, certain 
processes used involve the use of a heated 
susceptor or wafer support in an enclosed cham- 
ber, for example, during the growth of an epitaxial 
silicon layer, the formation of a thermal oxide or 
thermal nitride layer over silicon, or the rapid ther- 
mal annealing of integrated circuit structures al- 
ready formed on the wafer. 

As shown in the prior art structure of Figure 1 , 
a susceptor 2, on which is mounted a semiconduc- 
tor wafer 16, is typically supported by a central 
support shaft 6 which may be either formed integ- 
rally with the susceptor or joined in some other 
manner to the center of the under surface of the 
susceptor, as seen in Figure 1 . 

Typically, susceptor 2, and semiconductor wa- 
fer 16 mounted thereon, are located in a sealed 
processing chamber, such as the double domed 
chamber 10 shown in Figure 1, where .they are 
heated by a plurality of heating means 12 symmet- 
rically arranged below susceptor 2 and chamber 10 
in a housing 14, as well as over wafer 16 on 
susceptor 2 in chamber 10, as also shown in Fig- 
ure 1. 

An apparatus showing, in more detail, such 
heating of the susceptor. and the wafer is shown 
and claimed in Anderson et al. European Patent 
Application No. 91102542.7, assigned to the as- 
signee of this invention, cross-reference to which is 
hereby made. 

In that application, a series of heat lamps are 
circularly arranged below an inverted dome in 
which is mounted a susceptor on a central support 
shaft. Heat from the heat lamps radiates through 
the dome to the underside of the susceptor to heat 
the susceptor, as well as a wafer on the susceptor. 
The wafer is also heated by a second bank of heat 
lamps situated above another dome which is posi- 
tioned over the wafer and susceptor. 

The conventional use of a central support shaft 
in such an apparatus can result in uneven heat 
distribution along the susceptor, due to the thermal 
coupling of the central portion of the susceptor to 
the central support shaft, as well as the uneven 
distribution ol the radiated heat from the heat sour- 
ces to the susceptor due to shadowing of the 
underside of the susceptor by the central support 
shaft. Such uneven heating, or thermal non-uni- 
formity, of the susceptor can result in uneven heat- 
ing of the wafer. 

It would, therefore, be desirable to provide a 
support for a susceptor which would permit more 
even heating and thermal uniformity or heat dis- 
tribution across the susceptor to provide more even 



heating of the semiconductor wafer being pro- 
cessed. 

For this purpose, the invention provides a 
susceptor according to independent claim 1 and an 

5 apparatus for processing semiconductor wafers ac- 
cording to independent claim 5. Further advanta- 
geous features, aspects and details of the invention 
are evident from the dependent claims, the de- 
scription and the drawings. The claims are in- 

10 tended to be understood as a first non-limiting 
approach of defining the invention in general terms. 

The invention provides a spoked susceptor 
support for enhanced thermal uniformity of suscep- 
tor. 

is The invention also provides an improved sup- 

port for a susceptor on which is mounted a semi- 
conductor wafer in apparatus used for the construc- 
tion of integrated circuit structures on such wafers. 
More particularly, this invention provides an im- 
20 proved support for a susceptor in a semiconductor 
wafer processing apparatus in which the outer 
edge of the susceptor is engaged by the support 
means, rather than the center of the susceptor, to 
provide more thermal uniformity across the suscep- 
25 tor. resulting in more even heating of the wafer. 

It is. therefore, an aspect of this invention to 
provide an improved apparatus for the processing 
of semiconductor wafers comprising means for pe- 
ripherally supporting a susceptor in such apparatus 
30 to provide thermal uniformity in the susceptor re- 
sulting in more even heating of a semiconductor 
wafer placed thereon. 

It is another aspect of this invention to provide 
an improved apparatus for the processing of semi- 
35 conductor wafers comprising spoke means radiat- 
ing from a central hub for peripherally supporting a 
circular susceptor spaced from said hub in such 
apparatus to provide thermal uniformity in the 
susceptor resulting in more even heating of a semi- 
40 conductor wafer placed thereon. 

These and other aspects of the invention will 
be apparent from the following description and 
accompanying drawings. 

Figure 1 is a vertical cross-sectional view of a 
45 prior art susceptor showing the central support 
shaft used to support the susceptor and conven- 
tional heating means used to heat the susceptor. 

Figure 2 is a vertical cross-sectional view of 
one embodiment of the invention showing three 
'so spokes radiating from a central hub and peripher- 
ally engaging the under-surface of the susceptor. 

Figures 3A and 3B are fragmentary cross-sec- 
tional views of the embodiment of Figure 2 showing 
an opening formed in the undersurlace of the 
55 susceptor adjacent the end edge of the susceptor 
to receive the peripheral spoke support and shoe- 
ing, respectively, a support spoke to be received 
into the opening in Figure 3A, and the support 
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spoke inserted into the opening in Figure 3B. 

Figure 4 is a bottom view of the embodiment of 
Figures 2 and 3. 

Figure 5 is a vertical side section view of 
another embodiment of the invention wherein the 5 
susceptor is mounted on a ring which is peripher- 
ally supported by spokes from a central hub which 
spokes are received in openings in the underside 
of the ring. 

Figure. 6 is an isometric view of yet another 10 
embodiment of the invention showing a one piece 
construction of four spokes radiating from a central 
hub and attached to the undersurface of a ring 
which peripherally supports a susceptor. 

Figure 7 is a vertical cross-sectional, and par- 75 
tially exploded, view of the embodiment of the 
invention shown in Figure 6. 

Figure 8 is a partially cutaway isometric view 
showing the peripheral susceptor support of the 
invention mounted in a chamber in a housing con- 20 
taining heating means to heat the susceptor and 
the wafer carried on the susceptor. 

The invention provides an improved apparatus 
for the processing of semiconductor wafers using a 
heated circular susceptor in a processing chamber 25 
to heat a wafer thereon during the processing of 
the wafer wherein the circular susceptor is not 
supported by a central support shaft, as in the prior 
art. Rather, as shown in Figure 2, a circular 
susceptor 20 is peripherally supported by periph- 30 
eral support means comprising a series of spokes 
30 which radiate out from a central support hub 40 
which is coaxial with the axis of susceptor 20, but 
spaced from it, so as not to provide a thermal 
bridge between the center of the susceptor and the 35 
support hub which would result in uneven thermal 
distribution across the face of susceptor 20. Semi- 
conductor wafer 16 mounted on susceptor 20 is, 
therefore, evenly heated across its entire area by 
susceptor 20 because of the uniform thermal dis- 40 
tribution across susceptor 20 in accordance with 
the invention. 

Susceptor 20 is usually constructed of graph- 
ite, to provide good thermal conductivity, and is 
provided with a silicon carbide coating, ranging in 45 
thickness from about 75 urn (3 mils) to about 175 
um (7 mils). The coating is provided to enhance 
the chemical stability of the susceptor to corrosive 
materials which may be present in the enclosed 
chamber. Spokes 30 and hub 40 may be con- 50 
structed of similar materials to susceptor 20. 

Spokes 30, as shown in Figures 2 and 3, run 
from hub 40 to positions adjacent the end edge of 
susceptor 20 at an angle to the vertical, i.e., at an 
angle A to the vertical axis of hub 40 and susceptor 55 
20.^ Angle A may range from about 45 " to about 
75* , and preferable from about 55* to 65" with a 
typical angle of 60 ". This angle provides support 



for susceptor 20 at positions adjacent the end edge 
of susceptor 20, i.e., peripheral support of suscep- 
tor 20 rather than central support. In the embodi- 
ment shown in Figures 2, 3A-3B, and 4, the use of 
3 supporting spokes is shown. However, it will be 
appreciated that additional spokes may be used, if 
desired, to provide additional support if this is 
believed to be necessary. Usually, the number of 
spokes will vary from about 3-6, with the use of 
additional spokes being possible, but not deemed 
to be necessary. 

By use of the expression "positions adjacent 
the end edge of the susceptor", with respect to 
engagement of the susceptor by the support 
means, is meant that the point of engagement on 
the undersurface of the susceptor by the innermost 
portion of the support means is not more than 
about 30 millimeters from the end edge of the 
susceptor. Since the susceptor is usually larger in 
diameter than the wafer placed thereon, for exam- 
, pie, by about 30 millimeters to about 80 millimeters 
(depending upon the wafer diameter), any thermal 
bridge from the susceptor to the hub via the 
spokes, created by the peripheral engagement of 
the susceptor by the support means, will not, there- 
fore, result in any significant non-uniform thermal 
distribution of heat in those portions of the suscep- 
tor in contact with the wafer, unlike the centrally 
supported prior art susceptor. 

In the embodiment shown in Figures 2, 3A, 3B, 
and 4, hub 40 is provided with angled bores 42 into 
which one end 32 of each spoke 30 is received. An 
opposite end 34 of each spoke is received in an 
opening 24 formed in the under surface of suscep- 
tor 20 adjacent the end edge of susceptor 20, i.e., 
the innermost part of opening 24 is within about 15 
millimeters of end edge 21 of susceptor 20. 

As best seen in Figures 3A and 3B , opening 
24 in susceptor 20 has an outer edge 26 which is 
approximately vertical to the susceptor surface, i.e., 
parallel to end edge 21, and an inner edge 28 
angled to match the angle which spoke 30 defines 
with the vertical axis of hub 40. This facilitates 
mounting of susceptor 20 on spokes 30 by a 
downward motion of susceptor 20 onto spokes 30, 
one of which is shown in Figures 3A and 3B to 
illustrate this point. 

Turning now to Figure 5, another embodiment 
of the invention is shown wherein spokes 30 are 
again mounted at one end 32 into bores 42 of hub 
40, but are received, at their opposite ends 34, into 
openings 54 of a support ring 50 which is provided 
with an inner bore 60 having an inner diameter 
slightly larger than the outer diameter of susceptor 
20' and terminating in a shoulder 62 on which the 
undersurface of susceptor 20* rests adjacent , the 
end edge 21' of susceptor 20'. By "adjacent the 
end edge", in this context, is meant that the under- 



3 



5 



EP 0 471 365 A1 



6 



surface of susceptor 20' is not in contact with 
shoulder 62 for a distance greater than about 7 
millimeter, typically about 2-3 millimeters, inwardly 
of end edge 21" of susceptor 20'. This serves lo 
preserve the peripheral support concept of the in- 
vention wherein the peripheral support of the 
susceptor does not interfere with the uniform ther- 
mal distribution across the surface of the susceptor 
in contact with the wafer. 

Openings 54 in support ring 50 may be shaped 
identical to openings 24 in susceptor 20 illustrated 
in Figure 3A and 3B so that ring 50 may be 
mounted onto spokes 30 in an identical manner to 
the mounting of susceptor 20 onto spokes 30. 
Susceptor 20' may then be lowered vertically onto 
shoulder 62 of ring 50, and a wafer 16 mounted 
onto susceptor 20' in similar fashion to the mount- 
ing of wafer 16 in susceptor 20 in the previous 
embodiment. It will be noted that this embodiment 
also provides the peripheral support of the suscep- 
tor as in the previous embodiment, resulting in 
uniform thermal distribution across the susceptor, 
i.e., no central support connected or coupled to the 
susceptor which would provide a cold region in the 
center of the susceptor as in the prior art. 

Turning now to Figures 6 and 7, in yet a third 
embodiment hub 40', spokes 30*, and ring 50' may 
be formed of a single or unitary piece of silicon 
carbide-coated graphite, i.e., without bores 42 and 
spoke ends 32 fitted therein or ring openings 54 
with spoke ends 34 received therein. 

Such a design construction has the advantage 
that thermal expansion of the support means will 
be more uniform and have less tendency to cause 
warpage as the susceptor support structure ex- 
pands and contracts. 

Figure 8 shows a peripherally supported 
susceptor 90 constructed in accordance with the 
invention, with a plurality of spokes 70 peripherally 
supporting susceptor 90, each of which spokes 
radiates out from a hub 80 which is spaced from 
the undersurface of susceptor 90. Susceptor 90 
has a semiconductor wafer 16 mounted thereon 
and, together with spokes 70 and hub 80, is moun- 
ted in a containment vessel 100 located in a hous- 
ing 110 which also contains a plurality of heating 
means 120 comprising heat lamps shown both 
above and below susceptor 90 to uniformly heat 
susceptor 90 and wafer 16 thereon. 

It will be readily apparent that, in contrast to 
the prior art structure of Figure 1 , susceptor 90 will 
be uniformly heated by heating means 120, result- 
ing in a more uniform heating of wafer 16 mounted 
on susceptor 90. 

Thus, the invention provides an improved ap- 
paratus for the processing of semiconductor wafers 
comprising a susceptor which is peripherally sup- 
ported adjacent the end edges of the susceptor to 



provide more uniform thermal distribution across 
the susceptor of heat transferred to the susceptor 
by heating means and, therefore, a more uniform 
transfer of heal from the susceptor to a wafer 

5 mounted thereon. Furthermore, elimination of a 
central support shaft connected to the center of the 
undersurface of the susceptor also reduces shad- 
owing of portions of the susceptor undersurface to 
provide more uniform heat transfer from the heat- 

/o ing means to the susceptor. 

Claims 

1. In an apparatus for processing semiconductor 
75 wafers (16) for the construction of integrated 

circuit structures thereon, wherein a semicon- 
ductor wafer (16) is supported on the upper 
surface of a heated susceptor (20), the im- 
provement comprising: support means (30; 30,. 
20 50; 30', 50') lor peripherally supporting said 

susceptor (20) in said apparatus to provide 
thermal uniformity across said susceptor (20) 
resulting in more even heating of a semicon- 
ductor wafer (16) placed thereon. 

25 

2. The apparatus of claim 1 wherein said suscep- 
tor (20) comprises a generally circular plate 
having a first surface on which is mounted said 
semicondcutor wafer (16) and an undersurface 

30 which is engaged by said peripheral support 

means (30). 

3. The apparatus of claim 2 wherein said means 
for peripherally supporting said susceptor com- 
as prise a series of spokes (30) which radiate 

from a central hub (40) to positions adjacent 
the perimeter of said susceptor (20). 

4. The apparauts of claim 3 wherein said central 
40 hub (40) is positioned coaxial with said suscep- 
tor (20) and spaced from the center of said 
susceptor. 

5. An apparauts for processing semiconductor 
45 wafers for the construction of integrated circuit 

strucutres thereon, wherein a semiconductor 
wafer (16) is supported on the upper surface of 
a heated susceptor (20, 20', 90) which com- 
prises: 

so a) a chamber (100); 

b) a susceptor in said chamber (100) for 
supporting a semiconductor wafer (16) 
thereon; 

c) heating means (120) beneath said 
55 susceptor (20, 20', 90); and 

d) support means (30; 30, 50; 30', 50*, 70) 
for peripherally supporting said susceptor in 
said chamber; 
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to permit uniform heating of said susceptor by 
said heating means (120) and uniform thermal 
distribution of said heat through said susceptor 
(20. 20*. 90). 

5 

6. The apparatus of claim 5, wherein said support 
means for peripherally supporting said suscep- . 
tor comprise a series of spokes (30, 30') which 
radiate from a central hub (40, 40") to positions 
adjacent the perimeter of said susceptor (20, w 
20'). 



ports said susceptor (20') adjacent the end 
edge (2T) of said susceptor (20'). 

15. An apparatus according to one of claims 5 to 
16 wherein said heating means (120) are in 
said chambers. 



7. The apparatus of claim 6 wherein said central 
hub (40, 40') is positioned coaxial with said 
susceptor (20, 20') and spaced from the center is 
of said susceptor (20, 20*). 

8. The apparauts of claim 6 or 7 wherein said 
central hub (40. 40') is spaced from said 
susceptor (20, 20') a sufficient distance, with 20 
respect to the diameter of said susceptor, to 
permit said spokes (30, 30') to define an angle 

of from 45* to 75', preferably 55* to 65*, 
with an axis passing through said hub (40. 40') 
and said susceptor (20. 20'). 25 



9. The apparatus of one of claims 6 to 8 wherein 
said series of spokes (30, 30') peripherally 
supporting said susceptor (20, 20') comprise at 
least 3 spokes, preferably from 3 to 6 spokes. 30 

10. The apparatus of one of claims 5 to 9 wherein 
said susceptor (20) comprises a generally cir- 
cular plate having a first surface on which is 
mounted said semiconductor wafer (16) and an 35 
undersurface which is engaged by said periph- 
eral support means (30. 30, 50, 30', 50'). 



11. The apparatus of claim 10 wherein one end 

(34) of each of said spokes (30) is received in 40 
an opening (24) formed in an undersurface of 
said susceptor (20) at a position adjacent the 
end edge (21) of said susceptor (20). 

12. The apparatus of one of claims 6 to 10 wherein 45 
said peripheral support means further com- 
prise a support ring (50, 50') engaged by said 
spokes (30, 30'). 

13. The apparatus of claim 12 wherein said sup- so 
port ring (50, 50') includes an inner shoulder 

(62) on which said susceptor (20, 20') is moun- 
ted. 

14. The apparatus of claim 12 or 13 wherein one ss 
end of each of said spokes (30*) is received in 

an opening (54) formed in an undersurface of a 
ring (50) which peripherally engages and sup- 
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